The present study was carried out to evaluate hypoglycemic and in vitro antioxidant activity of ethanolic extracts of Ficus racemosa Linn. Fruits (EEFR). Antidiabetic potential of the plant extracts was evaluated by oral administration at the doses of 100 and 200 mg/kg on alloxan induced Swiss albino mice and in vitro antioxidant potential was investigated by using 1, 1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging activity and total antioxidant capacity. Glucose tolerance test reveals that the extract at the doses of 100 mg/kg and 200 mg/Kg, showed a significant decrease (p<0.05) of fasting blood glucose level after 3 hours of extract administration when compared to normal control. After prolonged study of 14 days, blood glucose level reduced at the significant level (p<0.05) as compared with alloxan induced diabetic control mice. At a dose of 100 mg/kg body weight, the extract significantly lowered blood glucose level and showed maximum reduction of 33.85% on day 14. The extract, at a dose of 200 mg/kg body weight produced maximum reduction of 41.91% on day 14 whereas inhibition of 45.49% was found for metformin on day 14. In antioxidant study, the extract showed significant activities in both of the antioxidant assays as compared to ascorbic acid in a dose dependent manner. In DPPH scavenging assay, the IC 50 value of the extract was found to be 140.55 µg/ml while the IC 50 value of ascorbic acid was 58.92 µg/ml. This study suggests that EEFR has both hypoglycaemic and antioxidant potential.
INTRODUCTION
Diabetes mellitus is one of the common metabolic disorders. Longstanding diabetes is associated with alterations in mitochondrial metabolism that result in both increased formation of reactive oxygen species (ROS) and failure of bioenergetics. In particular, diabetes causes dysfunction of mitochondria in those tissues highly dependent on aerobic metabolism, such as heart, brain and skeletal muscle. The degree of mitochondrial failure has been correlated with the duration of diabetes (Mariana, 2005) . Diabetes is the fourth-leading cause of death (Saha et al., 2006) .The diabetic population is rapidly increasing globally, particularly in the developing countries. South Asian region including Bangladesh is the most vulnerable focus. The current worldwide diabetic population is about 150 million, and this will be doubled by 2025 (Siddiqui et al., 2003) . The estimated prevalence of diabetes in Bangladesh is around 4%, which is similar to the average prevalence in many other countries. But the prevalence of impaired glucose tolerance (IGT) here varies between 7.5-10% depending on urban and rural backgrounds (Samira et al., 2003) . A significant proportion of these patients obviously fail to get proper treatment and medication. Indigenous drugs, since long, have been used for the treatment of diabetes (Said, 1969) . Hundreds of plants are known to be useful in treating diabetes in different corners of the world. Bangladesh is abundant in antihyperglycemic plants. These species may represent a source of new hypoglycemic compounds for developing better remedies to treat diabetic patients without serious side effects.
Ficus racemosa Linn. Syn. Ficus glomerata Roxb. (Moraceae) commonly known as 'Jagya-dumur' (Bengali), 'Gular' (Hindi) and 'Udumbara' (Sanskrit) is a well known moderate sized to large spreading tree with ovate, ovate-lanceolate leaves (Mandal et al., 2000) . Most parts of this plant are being used traditionally in Bangladesh for the treatment of various diseases. In an ancient Literature of Ayurveda (Kirtikar et al., 1953; it has been mentioned for therapy of various disorders like: diabetes, amlapitta (acidity), asthma, dysentery, menorrhagia, glandular enlargement, sore throat etc. It has chemomodulatory effect (Khan and Sultana, 2005) and is believed to be a good remedy for visceral obstructions and extract of the fruit is used in leprosy, diarrhoea, circulatory and respiratory disorders and menorrhagia Chopra et al., 1950) .The root is very useful in dysentery, as a powerful tonic and in diabetes (Kiritikar and Basu, 1975) . The therapeutic benefit of medicinal plants is often attributed to their antioxidant properties (Hertog et al., 1993; Zhang et al., 2001; Ahmed and Urooj, 2009 ). The antidiarrhoeal (Mandal et al., 1997a) , antihyperglycemic (Patil et al., 2009 (Patil et al., , 2010 , hypoglycaemic (Mandal et al., 1997b; Patil et al., 2010) , anti-inflammatory (Forestieri et al., 1996; Mandal et al., 1998a; Li et al., 2003) , antibacterial (Mandal et al., 2000; Shaikh et al., 2010) , hepatoprotective activity (Mandal et al., 1998b (Mandal et al., , 1999 and in the treatment of bronchitis (Mandal et al., 2000) the leaf extracts of F. racemosa has been reported (Subhash et al., 2000) . The alcoholic extracts of the stem bark of the plant possessed antiprotozoal activity against Entamoeba histolytica and its use in the treatment of mumps, smallpox, heamaturia and inflammatory conditions were reported (Mandal et al., 2000) .
The ethanolic extracts of bark and fruit were reported to have significant analgesic activity (Ferdous et al., 2008; . The stem bark was also found to exhibit antidiuretic (Rastnasooriya et al., 2003) , antitussive (Bhaskara et al., 2003) , wound healing , anthelmintic (Chandrashekhar et al., 2008) , antidiarrhoeal (Mukherjee et al., 1998) , analgesic (Malairajan et al., 2006; Harer Sunil et al., 2010 ), anti-inflammatory (Harer Sunil et al., 2010 , antipyretic (Rao et al., 2002) , antibacterial , anticholinesterase and hypolipidemic activity (Sophia et al., 2007) . The larvicidal activity of crude hexane, ethyl acetate, petroleum ether, acetone and methanol extracts of the leaf and bark were assayed for their toxicity against the early fourth-instar larvae of Culex quinquefasciatus (Rahuman et al., 2008) . Its fruits are effective against leprosy, diseases of the blood, fatigue, bleeding nose & cough and roots are used as a medicine against hydrophobia (Mandal et al., 2000) . Hypoglycaemic and in vitro antioxidant activities of Ficus racemosa Linn fruits ethanolic extracts were reported earlier (Jahan et al., 2009) . The fruits were also reported to have hypolipidemic (Agarwal et al., 1988) , antiulcer (Patel et al., 1985) , antifilarial (Mishra et al., 2005) activity. Besides several chemical constituents have already been isolated from the plant, the stem bark showed the presence of two leucoanthocyanins: leucocyanidin-3-O-β-glucopyranoside, leucopelarogonidin-3-O-α-Lrhamnopyranoside, β-sitosterol, unidentified long chain ketone, ceryl behenate, lupeol, its acetate, α-amyrin acetate. From trunk bark, lupeol, β-sitosterol and stigmasterol were isolated. Fruit contains glauanol, hentriacontane, β-sitosterol, gluanol acetate, glucose, tiglic acid, esters of taraxasterol, lupeol acetate, friedelin, higher hydrocarbons and other phytosterol. A new tetracyclic triterpene glauanol acetate which is characterized as 13α, 14β, 17 βH, 20 αH-lanosta-8, 22-diene-3 β-acetate and racemosic acid were isolated from the leaves. An unusual thermostable aspartic protease was isolated from the latex of the plant. The stem bark and fruit showed presence of glauanol acetate (Bhatt et al, 1963; Sen et al., 1971; Agarwal et al., 1977; Joshi et al., 1977; Shrivastava et al., 1977; Merchant et al., 1979; Suresh et al., 1979; Li et al., 2004; Devaraj et al., 2008) .
It is well established that diabetes is associated with low level of antioxidants and many plants show hypoglycemic property due to their antioxidant potential (Mazumdar et al., 2005; McCune and Johns, 2002; Grag and Bansal, 2000) . Earlier we reported the analgesic activity of the ethanolic extracts of fruits of this plant . The present study was aimed to investigate the hypoglycemic and antioxidant activity of fruits of Ficus racemosa Linn.
MATERIALS AND METHODS

Collection and Identification of plants:
The fruits of Ficus racemosa were collected from a Village named Milua under the district of Manikgong, Bangladesh in July 2008 and were identified at the Bangladesh National Herbarium, Mirpur, Dhaka where the Voucher specimen no: 32767 has been deposited. The collected plant parts were separated from undesirable materials or plants or plant parts. They were dried for one week. The plant parts were ground into a coarse powder with the help of a suitable grinder. The powder was stored in an airtight container and kept in a cool, dark and dry place until analysis commenced.
Preparation of Extract:
About 180 gm of powdered material was soaked in 500 ml of 95% ethanol in a clean, flat-bottomed glass container for 7 days with occasional shaking and stirring. The whole mixture was successively filtered through a piece of clean, white cotton material and Whatman filter paper (Bibby RE200, Sterilin Ltd., UK). The filtrate (ethanol extract) obtained was evaporated using rotary evaporator (STUART RF3022C, UK). It rendered a gummy concentrate of reddish black color.
Chemicals: All chemicals and drugs were obtained commercially and were of analytical grade.
DPPH (Sigma chemical co. USA.), Alloxan (Fluka, Germany), ammonium molybdate (Merck, Germany), sodium phosphate(BDH, England), ascorbic acid and metformin hydrochloride (General Pharmaceutical Bangladesh Ltd), Glucose estimation kit (Human, Germany),
Instruments:
The molecular absorption spectra and absorbance at specific wavelengths were recorded with a HACH DR 4000U UV-visible spectrophotometer equipped with quartz cells of 1-cm light path.
Design of experiment:
The investigation was carried out for 4 weeks. The first 2 weeks were for the induction of diabetic condition in mice and the following 2 weeks were experimental period with crude ethanolic fruit extract of Ficus racemosa. 25 mice were divided into five groups for the hypoglycaemic activity study. . They were kept in standard environmental condition for one week for acclimation after their purchase and fed ICDDR, B formulated mice food and water ad libitum. They were housed individually in cages and were kept at constant room temperature (25.0 ± 3.0 °C ), humidity 35-60% and 12 hours light and 12 hours dark cycle. Excreta were removed from the cages on every day. All protocols followed for animal experiments were approved by the institutional animal ethical committee (Zimmermann, 1983) .
Preparation of Alloxan solution and Induction of diabetes in mice:
To prepare the alloxan solution alloxan monohydrate (Fluka, Germany) solution was dissolved in normal saline. Mice were administered orally with freshly prepared solution at a dose of 150 mg/kg body weight after the fasting blood glucose estimation was done. Two week after alloxan injection, mice with plasma glucose level of greater than 10 mmol/L were included in the study.
Preparation of sample suspension:
The sample suspension of Ficus racemosa Linn. was prepared at a dose of 100 mg/kg body weight by weighing 3.6 gm of crude extract and suspending in 6 ml distilled water using 1% tween-80 as a suspending agent. For the preparation of Metformin hydrochloride suspension at a dose of 600 µg/kg body weight, 7.2 µg of drug was taken and it was suspended in 6 ml of distilled water using 1% tween 80 as a suspending agent. In the same way, Ficus racemosa solution was prepared by dissolving 24 mg of the compound in 6 ml distilled water.
PHYTOCHEMICAL SCREENING
Phytochemical screening of the prepared extracts was conducted with various qualitative tests to identify the presence of chemical constituents. To perform the tests the following chemicals and reagents were used: steroids with chloroform and sulphuric acid, tannins with ferric chloride solution, gum with Molish reagents and concentrated sulfuric acid, flavonoids with Mg and HCl and saponins with the capability of producing suds. Alkaloids were tested with Mayer's reagent, Hager's reagent and Dagendorff's reagent. These were identified by characteristic color changes using standard procedures (Ghani, 2003) .
Hypoglycemic activity
Glucose tolerance test: A glucose tolerance test is the administration of glucose to determine how quickly it is cleared from the blood. The mice were tested in a fasting state (having no food or drink except water for at least 10 hours but not greater than 16 hours). An initial blood sugar was drawn and then the mice were fed glucose. The mice then had their blood tested again 30 minutes, 1 hour, 2 hours and 3 hours after drinking the high glucose drink .
Blood sugar assessment: Blood samples of normal and diabetic mice were drawn after an over night fasting (12 hr.) from mice's tail vein at different time intervals (normal mice and alloxan induced mice at 1,7,14 day for determination of serum glucose level using commercial kit.
In Vitro Antioxidant activity
DPPH radical scavenging activity
Qualitative analysis: The ethanol extract was applied on a TLC plate as a spot (100 µg/ml) for chromatographic separation of the extract using the mobile phase methanol:chloroform (95:5, v/v). It was allowed to develop the chromatogram for 30 minutes. After completion of the chromatogram the whole plate was sprayed with DPPH (0.15 % w/v) solution using an atomizer. The color changes (yellowish color development on pinkish background on the TLC plate) were noted as an indicator of the presence of antioxidant substances.
Quantitative analysis:
The free radical scavenging capacity of the extract was determined using DPPH. An ethanolic DPPH solution (0.004%) was mixed with serial dilutions (10 to 100 μg/ml) of crude extract and after 30 minutes, the absorbance was read at 515 nm using a spectrophotometer (HACH DR 4000U UVvisible spectrophotometer). Ascorbic acid was used as reference. The inhibition curve was plotted and IC 50 values obtained by Probit analysis (Viturro et al., 1999) .
Determination of total antioxidant capacity:
The antioxidant activity of the extract was evaluated by the phosphomolybdenum method according to the procedure describe by Prieto et al., (1999) . The assay is based on the reduction of Mo (VI)-Mo (V) by the extract and subsequent formation of a green phosphate/Mo (V) complex at acid pH. A 0.3 ml extract was combined with 3 ml of reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes containing the reaction solution were incubated at 95 0 C for 90 min. Then the absorbance of the solution was measured at 695 nm using a spectrophotometer (HACH DR 4000U UV -visible spectrophotometer) against blank after cooling to room temperature. Ethanol (0.3 ml) in the place of extract is used as the blank. The antioxidant activity is expressed as the number of equivalents of ascorbic acid.
Acute toxicity study: Acute oral toxicity study of EEFR was carried out in mice.To determine acute toxicity of a single oral administration of the herbal drug, different doses of the drug (0.5, 1.0, 1.5 and 2 g/kg) were administrated to different groups of mice (3 mice were used for each group, control mice received Tween 80). Mortality and general behaviour of the animals were observed periodically for 48 h. The animals were observed continuously for the initial 4 h and intermittently for the next six h and then again at 24 h and 48 h following drug administration. The parameters observed were grooming, hyperactivity, sedation, loss of righting reflex, respiratory rate and convulsion (Babu et al., 2003) .
Statistical analysis:
The data obtained in the animal experiments was subjected to statistical analysis. All values are expressed as Mean ± S.E.M (Standard Error of Mean). The data were assessed by the analysis of variance (ANOVA) and the group means were evaluated by the post-hoc Dunnet test using SPSS program (SPSS 16.0, USA) . Mean values were considered significantly different if P< 0.05, 0.001.
RESULTS
Phytochemical screening
The result of phytochemcial screening is given in table 1. Phytochemical studies of EEFR revealed the presence of tannins, gums, steroids, flavonoids and alkaloids. 
Antidiabetic investigations
The result of glucose tolerance test and long term antidiabetic study are summarised in table 2 and 3 respectively. Values are mean ± SEM, (n = 5); *: p<0.05, Dunnet test as compared to control. Experimental groups (Group-4 & Group-5) at the dose of 100 mg/kg and 200 mg/kg respectively were compared with diabetic control (Group-2) on corresponding day using Dunnett's test.
In vitro antioxidant study: Table 4 reveals IC 50 value of the extract which was 140.55 µg/ml as opposed to that of ascorbic acid (IC 50 : 58.92 μg/ml), which is a well known antioxidant. Total antioxidant capacity of the crude extract, expressed as the number of equivalents of ascorbic acid is shown in Table 5 .
Acute toxicity: During the acute toxicity study, either mortality or any considerable symptoms of toxicity was not found after the oral administration of EEFR up to a dose of 2 gm/kg body weight in mice. Even no significant changes in general behaviour was observed in mice up to 14 days study. 
DISCUSSION
Hypoglycemic activity: In the current study Alloxan, a beta cytotoxin, was preferred to produce the diabetic state in mice as it induces diabetes in a wide variety of animal species by damaging the insulin secreting pancreatic beta cell resulting in a decrease in endogenous insulin release, which paves the ways for the decreased utilization of glucose by the tissues (Omamoto et al., 1981) . The results obtained (Table  2) showed that after a single dose load of 200 mg/kg glucose in mice, there was a significant reduction (p<0.05) of fasting blood glucose level during the 3 hr. study period. The underlying mechanism may be due to enhancement of gluconeogenesis, which is characteristically activated at fasting state in diabetic animals. Likewise the anti-hyperglycaemic effect that was found with glucose load may be due to delayed absorption of glucose in the gut, or enhanced disposal of glucose by increased insulin sensitivity (Jahan et al., 2009) .The results after chronic administration of EEFR (Table 3) showed significant difference (p<0.05) which was observed between experimental and diabetic control mice in lowering fasting blood glucose level. At a dose of 100 mg/kg body weight, the extracts significantly lowered blood glucose level and showed maximum reduction of 33.85% on day 14. The extracts, at 200 mg/kg body weight produced maximum reduction of 41.91% on day 14 whereas inhibition of 45.49% was found for metformin on day 14 as a peak. These observations suggest that EEFR might possess insulin like effect on peripheral tissues either by promoting glucose uptake and metabolism or inhibiting hepatic gluconeogenesis since alloxan treatment causes permanent destruction of β- cells (Pari et al., 2002; Djomeni et al., 2006) . Our findings also support with the similar observations reported earlier (Jahan et al., 2009) on the effect of ethanolic fruit extracts of Ficus racemosa Linn. on blood glucose in experimental animals.
Many secondary metabolites participate in a variety of anti-diabetic functions in vivo (Kako et al., 1997) . Phytochemical studies of EEFR revealed the presence of tannins, gums, steroids, flavonoids and alkaloids (Table 1) . Based on these results it is assumed that the antihyperglycemic action was brought about through stimulation of β-cells of islets of langerhans to release more insulin and this effect may be due to its constituents like tannins, gums, steroids, flavonoids and alkaloids. Besides flavonoid and terpenes isolated from the other antidiabetic medicinal plants has been found to stimulate secretion or possess an insulin like-effect (Marles and Farnsworth 1995) . So it can be speculated that flavonoids present in the plant may be responsible for antidiabetic activity of plant.
In vitro antioxidant activity DPPH radical scavenging activity: DPPH is relatively stable nitrogen centered free radical that easily accepts an electron or hydrogen radical to become a stable diamagnetic molecule. This activity was increased by increasing the concentration of the sample extract. DPPH antioxidant assay is based on the ability of 1, 1-diphenyl-2-picryl-hydrazyl (DPPH), a stable free radical, to decolorize in the presence of antioxidants. The DPPH radical contains an odd electron, which is responsible for the absorbance at 515 nm and also for a visible deep purple color. When DPPH accepts an electron donated by an antioxidant compound, the DPPH is decolorized, which can be quantitatively measured from the changes in absorbance. From the results, it may be postulated that the plant extracts have hydrogen donors thus scavenging the free radical DPPH.
Total antioxidant capacity:
Total antioxidant capacity of the crude extract, expressed as the number of equivalents of ascorbic acid. The phosphomolybdenum method was based on the reduction of Mo (VI) to Mo (V) by the antioxidant compound and the formation of a green phosphate/Mo (V) complex with a maximal absorption at 695 nm. The result revealed the reducing power of the crude extract.
Phenolic compounds and flavonoids have been reported to be associated with antioxidative action in biological systems, acting as scavengers of singlet oxygen and free radicals (Rice-Evans et al., 1997; Jorgensen et al., 1999) . Many plants contain substantial amounts of antioxidants including Vitamin C and E, carotenoids, flavonoids, tannins and thus can be utilized to scavenge the excess free radicals from the human body (Pratt D.E, 1992) . We can speculate that flavonoids and phenolic compounds might be responsible for the observed antioxidant activity. The adoption of crude extracts of plants, such as infusions, for self medication by the general public has arisen in the possibility that the impact of several diseases may be either ameliorated or prevented by improving the dietary intake of natural nutrients with antioxidant properties, such as vitamin E, vitamin C, B-carotene and plant phenolics such as tannins and flavonoids (Haslam, 1996) .
In addition to the potential protective effects against cancers and diabetes, antioxidant nutrients also appear to play a significant role in preventing heart diseases, asthma, cataracts, neurodegenerative diseases, premature aging, etc. Therefore, better understanding of the role of antioxidants in diet has a direct impact on the prevention of the above diseases. These results clearly suggested that EEFR might be used in an antioxidant diet, after efficacy trials (Jahan et al., 2009) .
CONCLUSION
In the light of the results of present investigation, it can be concluded that the antidiabetic effect of EEFR is promising. In general, EEFR showed considerable antioxidant activity in DPPH free radical scavenging activity and total antioxidant capacity when compared to standard as ascorbic acid. Our findings suggest that EEFR has both hypoglycaemic and in vitro antioxidant activity. This study also establishes a correlation between antidiabetic and antioxidant potential and may be of considerable interest in preventing the ill effects of diabetes and oxidative stress in vivo. However the plant extracts should be investigated to find out the chemical compounds responsible for antidiabetic action. Furthermore in vitro antioxidant activity should be evaluated by other antioxidant methods e.g. nitric oxide scavenging activity, reducing power, lipid peroxidation assay.
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